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(5?) A method of operating a vehicle, a vehicle and an engine control system therefor. 

(57) A variable power drivetrain engine control 
system for a heavy duty vehicle (10) which 
provides higher output capability for the engine 
of the vehicle (10) in accordance with certain 
detected conditions. If the vehicle speed (14) 
falls a predetermined DELTA miles/hour below 
a LEARNED SPEED (14a) of the vehicle, the 
engine is enabled to operate at a higher power 
output capability until the vehicle (10) resumes 
the LEARNED SPEED (14a). Further, high out- 
put capability is enabled when the vehicle de- 
celerations (14e) is in excess of a 
predetermined deceleration rate. Again, the 
high output capability is disabled once the ve- 
hicle retains the LEARNED SPEED (14a) veloci- 
ty. The quantity DELTA can be variable with 
respect to actual vehicle speed (14) to provide 
more responsive operation of the variable 
power drivetrain system thereby providing im- 
proved responsiveness to road conditions in 
accordance with relative vehicle speed (14). 
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Field of the Invention 

This invention relates in general to vehicles pow- 
ered by an internal combustion engine and more spe- 
cifically to vehicles including electronic engine control 
systems having microprocessor-based engine con- 
trollers. The invention also relates to a method of op- 
erating such a vehicle and to an engine control system 
therefor. 

Background of the Invention 

Microprocessor-based engine controllers are 
well-known in the art of internal combustion engines. 
Such devices are used not only to improve perfor- 
mance but to reduce emissions and accurately control 
engine operations. The advent of microprocessor or 
computer control of engine operation has opened the 
door to a panoply of feedback control systems imple- 
menting a wide variety of engine control objectives. 
Examples of such systems are electronically timed ig- 
nition systems, digitally controlled fuel injection sys- 
tems and emission control systems including mass air 
flow transducers, temperature sensors, pressure sen- 
sors and other feedback devices useful in determin- 
ing emission or pollutant levels in the exhaust system 
of a vehicle. 

In recent years, electronic engine control systems 
have found applications in the heavy duty engine 
market, more particularly the diesel engine market. 
One example of such a system is the CELECT engine 
control system manufactured by Cummins Engine of 
Columbus, Indiana, and available with their N-14 en- 
gine, as well as other engine models. The CELECT 
electronic engine control system was first introduced 
in 1 990 and has been well received by the heavy duty 
trucking industry. One of the advantages of a fully 
electronic engine control system is the ability to mod- 
ify the software or program to implement newly de- 
vised engine control algorithms in response to a rec- 
ognition of the need for the algorithm. The present in- 
vention contemplates an engine control system that 
implements an algorithm enabling a derated lower 
power output engine to operate at a higher power out- 
put level under certain prescribed conditions or cir- 
cumstances. 

Engine control systems that enable engine oper- 
ation at more than one maximum power output capa- 
bility based upon certain operating conditions are 
known. Examples of such systems are disclosed in 
US-A- 5,019,986 ( Londt et al), US-A-4,91 4,597 
(Moncelle et al.) and 

US-A-4,493,303 (Thompson et al.) Each of these 
system limits fuel flow rates, via fuel injection sys- 
tems, depending upon certain sensed parameters. 
US-A-4,914,597 suggests that variable power limits 
can be established to operate an engine under cruise 
control conditions to provide more desirable operating 



characteristics. Unfortunately, large tracts of public 
roads include road grade deviations sufficient to dis- 
courage the use of cruise control with heavy duty 
trucks in view of the "lug up" and "lug down" charao 

5 teristics of operating a heavy duty truck. For example, 
when a heavy duty truck or tractor/trailer combination 
is operating at 27,200 to 36300 kg (60,000 to 80,000 
pounds) gross weight, even a small hill or incline will 
induce a distracting velocity decrease of the truck 

10 even though the engine of the truck is operating at full 
power output. Thus the efficacy of a cruise control 
system is significantly affected when a heavy duty 
truck encounters hills or inclines while operating in 
"cruise" mode. 

15 An engine control system that is more responsive 
to road grade deviations and enables the truck to 
maintain a constant speed yet limits power output in 
such a fashion as to prevent excessive power under 
lower road load demand conditions will increase 

20 driveability of the vehicle as well as reduce certain 
hardware requirements for the vehicle and reduce 
Brake Specific Fuel Consumption ( kg/kw-hr) result- 
ing in improved fuel economy. Increased power capa- 
bility under certain operating conditions also enables 

25 the driver to avoid downshifts which can degrade fuel 
economy. Such an engine control system is needed 
to improve run times or delivery time, maintain fuel 
consumption (vehicle mileage) rates at an acceptable 
value yet satisfy the driver in terms of vehicle perfor- 

30 ma nee characteristics. 

SUMMARY OF THE INVENTION 

A method is provided, according to one aspect of 

35 the present invention, for operating a vehicle having 
an internal combustion engine coupled to a transmis- 
sion and in which the engine includes a fuel delivery 
system for delivering fuel to the engine according to 
a first fuel delivery curve or a second fuel delivery 

40 curve, and in which fuel delivery to the engine accord- 
ing to the second fuel delivery curve results in higher 
power output from the engine compared with fuel de- 
livery according to the first curve. The method com- 
prises the steps of: (1) sensing throttle demand from 

45 the driver, (2) supplying fuel to the engine according 
to the first fuel delivery curve, (3) sensing a throttle 
demand from the driver in excess of a predetermined 
throttle level, (4) sensing instantaneous vehicle 
speed, (5) determining an average vehicle speed 

so from instantaneous vehicle speed sensed over a re- 
cent predetermined time period, (6) sensing instanta- 
neous vehicle deceleration, and (7) enabling the fuel 
delivery system to deliver fuel according to the sec- 
ond fuel delivery curve only if 

55 (a) the sensed throttle demand is in excess of a 
predetermined throttle demand value, and 
(b) ((the instantaneous vehicle speed has de- 
creased a predetermined DELTA mph from the 
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average vehicle speed) -OR- (the vehicle decel- 
eration is in excess of a predetermined deceler- 
ation value)). 

A heavy duty vehicle, according to another as- 
pect of the present invention, includes an engine, a 
fuel delivery system, a transmission, a throttle control 
and an engine control means for operatively control- 
ling the fuel delivery system to supply fuel to the en- 
gine, wherein the engine control system comprises a 
memory means, a first fuel delivery curve stored in 
the memory means, a second fuel delivery curve 
stored in the memory means, means for sensing ve- 
hicle speed and producing a vehicle speed signal, 
means for calculating a running average vehicle 
speed from the vehicle speed signal, the means for 
calculating producing a running average vehicle 
speed signal, means for sensing engine speed and 
producing an engine speed signal, means for sensing 
throttle demand from the throttle control and produc- 
ing a corresponding throttle signal, means for deter- 
mining vehicle deceleration from the vehicle speed 
signal and producing a deceleration signal corre- 
sponding thereto, and means for controlling the fuel 
delivery system to deliver fuel to the engine according 
to the first fuel delivery curve in accordance with the 
throttle signal. The means for controlling the fuel de- 
livery system enables fuel delivery by the fuel deliv- 
ery system to the engine according to the second fuel 
delivery curve in response to the following conditions: 

(1) the vehicle speed signal is less than the run- 
ning average vehicle speed signal minus a prede- 
termined value DELTA, or 

(2) the vehicle deceleration signal is above a pre- 
determined deceleration limit, and 

(3) the throttle signal is in excess of a predeter- 
mined throttle level. 

One object of the present invention is to provide 
an improved device and method of operating an en- 
gine in a vehicle. 

Another object of the present invention is to pro- 
vide improved driveability to satisfy the driver of a ve- 
hicle, as well as maintain vehicle fuel consumption 
(mileage) at or above a desired level. 

Yet another object of the present invention is to 
provide an engine control system that enables higher 
power output in response to operating conditions 
which call for increased power output. 

Still another advantage of the present invention 
is to reduce cooling capacity demand on a vehicle's 
cooling system and reduce torque handling specifica- 
tions for a vehicle transmission, which may eliminate 
the requirement for a transmission cooler, as a result 
of the limited power and torque capability of the ve- 
hicle engine at lower vehicle speeds. 

A further object of the present invention is to pro- 
vide a device and method for operating an engine of 
a motor vehicle to maintain the speed of the vehicle 
and diminish speed deviations even through vehicle 



speed may not be controlled by a cruise control feed- 
back system. 

According to a further aspect of this invention 
there is provided an engine control system for use 
5 with a vehicle having an internal combustion engine 
coupled to a transmission, as claimed by claim 15. 

These and other objects of the present invention 
will become more apparent from the following de- 
scription of the preferred embodiment. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a comparison chart depicting hypotheti- 
cal total fuel units used for various engine power 
15 (horsepower) capabilities versus a variable power 
drivetrain engine control system including the engine 
control algorithm of the preferred embodiment. 

Fig. 2 is a chart depicting the effect of road grade 
on vehicle speed and resulting power (horsepower) 
20 capability of the variable power drivetrain engine 
equipped vehicle in which the present invention is 
embodied. 

Fig. 3 is a simplified schematic of the variable 
power drivetrain engine control system in which the 
25 present invention is embodied. 

Fig. 4 is a flow chart of the algorithm executed by 
the variable power drivetrain engine control system in 
which the present invention is embodied. 

Fig. 5 is a detailed diagrammatic illustration of the 
30 CELECT engine control system in which the present 
invention is embodied detailing input and output de- 
vices coupled to the engine control module. 

DESCRIPTION OF THE PREFERRED 
35 EMBODIMENT 

For the purposes of promoting an understanding 
of the principles of the invention, reference will now 
be made to the embodiment illustrated in the draw- 

40 ings and specific language will be used to describe 
the same. It will nevertheless be understood that no 
limitation of the scope of the invention is thereby in- 
tended, such alterations and further modifications in 
the illustrated device, and such further applications of 

45 the principles of the invention as illustrated therein 
being contemplated as would normally occur to one 
skilled in the art to which the invention relates. 

Referring now to Fig. 1 , a chart depicting fuel con- 
sumption in "units" of fuel used is shown for a 320 kw 

so (430 horsepower) engine, a 246 kw (330 horsepower) 
engine, a 231 kw (310 horsepower) engine, and a ve- 
hicle equipped with a variable power drivetrain engine 
control system in which the present invention is em- 
bodied having a 231 kw (310 horsepower) lower limit 

55 and a maximum power capability of 320 kw (430 
horsepower). A study of a number of vehicle config- 
urations running a variety of missions using different 
power (horsepower) capability according to those 
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shown in Fig. 1 suggests that a vehicle is normally run 
between 40 and 50% of its time at full available power 
(horsepower), virtually independent of rated power 
(horsepower) capability of the vehicle. The full- 
throttle time is composed of obvious "lug up/lug down" 
time plus a significant portion of "level" road time. The 
reasons that a significant portion of "level" road op- 
erating time is spent at full available power (horse- 
power) is that even when roads appear level, they ac- 
tually are not. That is, even level roadways result in an 
engine power demand which is constantly increasing 
and decreasing. These power demand changes result 
from the constant presence of slight grades, over- 
passes, and changing traffic conditions. The relative 
engine power output results are reflected in the fuel 
consumption units of the graphs shown in Fig. 1. With 
full available torque demanded 40-50 percent of the 
time, it is apparent that there is no difference between 
a full-time high power (horsepower) engine and one 
which siipplies higher output only when road condi- 
tions demand "burst power". In fact, a variable power 
drive train or driveline vehicle uses less fuel than a 
high power vehicle as shown in Fig. 1 wherein a 320 
kw (430 horsepower engine requires 70 units of fuel 
versus 50 units of fuel required by the variable power 
drive train vehicle. 

Referring now to Fig. 2, the mechanisms for ena- 
bling the high output or "burst power" condition aredi- 
agrammatically shown. As the tractor-trailer vehicle 
10 with a variable power drive train engine control sys- 
tem (or VPD) of the present invention approaches the 
shallow grade 12, the speed of the vehicle decreases 
as shown by the slope of the velocity curve at 14. Pri- 
or to encountering the shallow grade 12, the vehicle 
1 0 operated at a speed represented by the flat portion 
of the velocity at 14a. During that time period, the en- 
gine control system of vehicle 10 calculated a 
"LEARNED SPEED" corresponding to the average 
speed of the truck over a most recent predetermined 
period of time. As the truck slows to a lesser speed 
at location 14c in the velocity curve, the power 
(horsepower) output capability of the engine in VPD 
vehicle 10 is increased from a low power output to a 
high level at 16a until the speed of the vehicle returns 
to the LEARNED SPEED at 14d. Thus, one mecha- 
nism for enabling the high power output capability of 
the VPD truck 10 is a decrease in speed from a 
"LEARNED SPEED" derived from a recent average 
vehicle speed. 

A second mechanism for enabling high power 
output from the engine of the VPD vehicle 10 is based 
upon the vehicle experiencing a deceleration rate in 
excess of a predetermined deceleration rate. This 
condition occurs most often when a steep grade such 
as that represented by the road grade curve at 18 is 
encountered by VPD vehicle 10, resulting in vehicle 
deceleration determined by the slope in the velocity 
curve at 14e. The high power output of the engine in 



VPD vehicle 10 is enabled at location 16b in the limit 
curve 16 when the deceleration rate is first deter- 
mined to be in excess of a predetermined level. By 
comparison, it is noted that high power output capa- 
5 bility of the engine of VPD truck 10 is enabled earlier 
(as compared with location 16a and a lesser deceler- 
ation rate) when a rapid deceleration rate is encoun- 
tered thereby providing increased power to ascend 
the steeper grade before a significant amount of ve- 
to hide velocity is lost due to the steep grade 1 8. 

One objective of the invention is to provide in- 
creased power output capability in response to a loss 
of vehicle speed or a significant deceleration rate of 
the vehicle. The difference in the LEARNED SPEED 
15 at 1 4a and the speed at 1 4c will be referred to as DEL- 
TA which term represents the difference in speed be- 
tween the LEARNED SPEED and the lower velocity 
at which the high output capability of the engine of the 
vehicle VPD 10 is enabled. DELTA can be a variable 
20 quantity based upon the relative value of the 
LEARNED SPEED value. For example, the following 
Table 1 represents a possible variation in DELTA ver- 
sus LEARNED SPEED values. Linear as well as non- 
linear relationships between a variable DELTA and 
25 LEARNED SPEED are contemplated. 



TABLE 1 





LEARNED SPEED 


DELTA 


30 


50 


5 




55 


6 




60 


7 


35 


65 
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Referring now to Fig. 3, a simplified schematic 
of a VPD engine control system 20 embodying the 

40 present invention is shown depicting the input signal 
sources and the fuel injectors 30 subject to the output 
control of the system. One input signal affecting the 
operation of the VPD engine equipped vehicle is the 
condition of the brakes. If brake pedal 23 is energized, 

45 switch SW3 is closed and a signal is supplied to an in- 
put of ECM 22 indicating the vehicle brakes are being 
applied. Vehicle acceleration or power output re- 
quests from the driver are commanded through the 
accelerator pedal 26A which is mechanically coupled 

50 to potentiometer P1 . A voltage representative of the 
power output requested from the driver appears at 
wiper W1 and is supplied to engine control module 22. 
ECM 22 includes an analog to digital converter to con- 
vert the voltage at wiper W1 into a meaningful digital 

55 value. In response to the voltage appearing at wiper 
W1 , ECM 22 provides signals to fuel injectors 30 in ac- 
cordance therewith to power the engine at a power 
output level corresponding with the position of accel- 
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erator pedal 26Aand the "HP* or "Low" power output 
state of the VPD engine. Engine speed is determined 
by monitoring the signals produced by engine 
speed/position sensor 24, which signals are supplied 
to ECM 22. Engine speed/position sensor 24 is a va- 5 
riable reluctance sensor (well-known in the art) dis- 
posed in dose proximity to a tone wheel or gear (not 
shown). The sensor 24 produces pulses in accor- 
dance with the rotational speed of the tone wheel. 
The tone wheel (not shown) rotates in synchronism 10 
with the engine of VPD vehicle 10. Vehicle speed sen- 
sor 26 operates in similar fashion as sensor 24. How- 
ever, vehicle speed sensor 26 detects the speed of ro- 
tation of a tone wheel attached to the tailshaft or driv- 
eshaft of the vehicle. Of course, the tailshaft rotates is 
in synchronism with the rotational speed of the tires 
of the vehicle. Thus, vehicle speed is calculated in ac- 
cordance with a count of the pulses per unit time pro- 
duced by the sensor 26. Accordingly, a final drive ratio 
of the transmission is calculated by dividing the vehi- 20 
cle speed value into the engine speed value, (EN- 
GINE SPEED/VEHICLE SPEED) Engine coolant 
temperature sensor 28 provides an analog signal to 
an analog to digital or A/D input of ECM 22 corre- 
sponding to the coolant temperature of the vehicle en- 25 
gine. Similarly, transmission coolant temperature 
sensor 29 produces an analog transmission flu- 
id/coolant temperature signal that is supplied to an 
A/D input of ECM 22. Switches SW1 and SW2 are 
cruise control and power-take-off control switches. 30 
Switch SW2 activates cruise control capability and 
switch SW1 is a double action switch providing a set- 
/coast signal to ECM 22 in a first position and a re- 
sume/accelerate signal to ECM 22 when toggled in 
to a second position. Clutch pedal 25 is mechanically 35 
coupled to and actuates switch SW4 thereby provid- 
ing ECM 22 with a clutch actuation signal. Resistors 
R1, R2, R3, R4 and R5 provide pull down functions to 
maintain the inputs of ECM 22 at a predetermined log- 
ic state. 40 

Operationally speaking, the VPD engine control 
system 20 monitors input signals from brake pedal 23 
through switch SW3, throttle position through poten- 
tiometer P1 and the voltage appearing on potentiom- 
eter wiper W1 , engine speed through sensor 24, ve- 45 
hide speed through sensor 26 and vehicle coolant 
temperature t hrough sensor 28 to execute-or perform 
the algorithm shown in Fig. 4. 

Referring now to Fig. 4, the algorithm begins at 
step 100 and runs or executes a predetermined nunv so 
ber of times per second in order to continuously mon- 
itor the operating conditions of the VPD vehide 10 
and provide a higher output power capability when 
operating conditions command or demand such. At 
step 102, throttle position, determined by ECM 22 55 
from the voltage at wiper W1, is tested against a 90 
percent predetermined throttle value stored in mem- 
ory of ECM 22. Other predetermined percent throttle 
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values are also contemplated. The 90 percent value 
is merely illustrative of one embodiment of the algo- 
rithm according to the present invention. If the throttle 
request (wiper voltage) is greater than 90 percent 
throttle, program execution continues at step 104. 
Otherwise, program flow continues at step 114 and 
the VPD engine is operated at a low horsepower or 
low power output level. If the throttle request is deter- 
mined to be greater than 90 percent at step 102, then 
program flow continues at step 104 wherein ECM 22 
tests to determine whether the brakes have been ap- 
plied by the driver. Switch SW3 provides a signal to 
ECM 22 indicative of the state of the brakes and if the 
brakes are not applied, then program execution con- 
tinues at step 106. If at step 104 it is determined that 
the brakes have been applied then program execu- 
tion continues at step 114. If the brakes are not ap- 
plied at step 1 04, then program execution continues 
at step 106 where ECM 22 inputs the signal from tem- 
perature sensor 28 to determine whether or not the 
coolant temperature of the engine is below a prede- 
termined limit. It is important to recognize that high 
power output capability of the engine should not be 
enabled if the coolant temperature of the engine (or 
optionally coolant temperature of the transmission if 
a transmission fluid/coolant temperature sensor sig- 
nal is monitored) indicates that the engine (or trans- 
mission) coolant temperature is above a predeter- 
mined value. If the coolant temperature is within safe 
operating limits then program execution continues at 
step 108. If the temperature of the engine coolant is 
in excess of a predetermined limit, then program exe- 
cution continues at step 114 following step 106. At 
step 108, ECM 22 determines whether the current 
vehide speed, determined through signals from sen- 
sor 26, is greater than "DELTA" miles/hour below the 
LEARNED SPEED. If the vehicle speed is a DELTA 
or predetermined amount below the LEARNED 
SPEED, then program execution continues at step 
120 following step 108. Alternatively, if the vehicle 
speed is not a predetermined DELTA below the 
LEARNED SPEED, then program execution contin- 
ues at step 116. At step 116, the deceleration rate or 
the speed decrease per unit time is tested to deter- 
mine if it is greater than a predetermined amount or 
value "V" kilometres/hour/second deceleration. If ve- 
hicle 10 deceleration (measured through engine de- 
celeration) is in excess of "V" (typical values found 
useful are 10-15 RPM/Sec, yet values outside this 
range are contemplated), then program execution 
continues at step 118, otherwise program execution 
continues at step 114 if the deceleration rate is not in 
excess of a predetermined quantity. At step 118, ECM 
22 determines whether the vehide speed is greater 
than the road speed governor value preprogrammed 
into the memory of ECM 22 to prevent excessive 
speed of the vehide 10. 

If at step 11 8 vehicle speed is not greater than the 
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road speed governor RSG programmable speed limit 
then program execution continues at step 120. If ve- 
hicle speed is greater than the RSG value in ECM 
memory, then program execution continues at step 
114 following step 118. At step 120, ECM 22 determi- 
nes whether vehicle speed is greater than or equal to 
the cruise "set" speed programmed into ECM 22 by 
the driver via switch SW1. If the vehicle is traveling in 
excess of the cruise set speed, maximum limit value 
then program execution continues at 114 after step 
120. Otherwise, following step 120, if the vehicle 
speed is not equal to or greater than the cruise set 
speed, then ECM 22 determines whether or not a pre- 
determined transmission ratio *R U is greater than the 
actual transmission final drive ratio of the vehicle by 
comparing the engine speed from sensor 24 with the 
vehicle speed 26 at step 110. If the actual transmis- 
sion ratio is less than the value R, then the high pow- 
er (horsepower) output capability of the engine is en- 
abled at step 112. It is contemplated that the value R 
is selected so that high power (horsepower) output is 
available when the top two (or three) gears of the 
transmission are engaged, thereby enabling a down- 
shift by the driver at highway speeds without loss of 
high power capability. Following either step 112 or 
step 114, program execution returns to step 100 
wherein the algorithm is executed continuously while 
the vehicle is traveling down the road and the engine 
is operating. 

Modifications to the algorithm of FIG. 4 are con- 
templated to eliminate undesirable operation of the 
engine under certain foreseeable conditions. One 
such condition occurs when the driver momentarily 
releases the accelerator pedal thereby reducing 
throttle demand below the 90% level. This may occur 
when the vehicle encounters a chuck hole or bump in 
the road and the driver is physically cast about within 
the vehicle, or when the driver momentarily releases 
the accelerator in view of upcoming traffic conditions. 
It is desired that high output power capability remain 
available for a limited time period following release of 
the accelerator pedal and upon returning to throttle 
demand in excess of 90 percent during such a mo- 
mentary release of the accelerator pedal. Therefore, 
a software timeout that requires throttle demand be 
below 90% for a predetermined time period before hi 
power output capability is disabled is contemplated to 
avoid such undesirable operation. 

Operation of the algorithm of FIG. 4 is continu- 
ous, including during typical cruise control operation 
of the vehicle. It is desirable that momentary depres- 
sions of the clutch or brake pedal not interfere with 
high power engine output capability during cruise 
control operation. Programmed software delay timers 
or software timeout tests are contemplated as addi- 
tions to cruise control software algorithms to prevent 
loss of high power output capability (or to prevent re- 
turn to low power output operation mode) in response 



to momentary depressions of the clutch or brake ped- 
al in view of traffic conditions requiring such a driver 
response. 

Referring now to Fig. 5, a more detailed block di- 

5 agram of the variable power drivetrain engine control 
system 20 in which the present invention is embodied 
is shown. Like components of Fig. 3 are identified with 
like designations in Fig. 5. System componentry lo- 
cated in the cab area A includes clutch switch SW4, 

10 brake switch SW3, engine brake on/off switch SW5 
and cruise control switches SW1 and SW2. Acceler- 
ator position sensor assembly P1 corresponds with 
potentiometer P1 of Fig. 3. Vehicle key switch SW6 is 
also shown. Cylinder selection device 33 and engine 

15 brake relay 35 are located in the cab area A while cy- 
linder control devices 37 are attached to the engine 
(indicated by broken line B). Cylinder control devices 
37 operate in conjunction with the cylinder selection 
switch 33 and engine brake relay 35 to provide engine 

20 compression braking for the heavy duty engine B. 
Other components of the CELECT system include an 
idle validation switch SW7 and an idle/diagnostics 
INC/DEC switch SW8. A tachometer output 50 is pro- 
vided in the cab area as well as a data link 52 that en- 

25 ables electrical connections to an external diagnos- 
tics device. Fault lamps 53 provide an indication to the 
driver of various engine operating or fault conditions 
detected by ECM 22. A diagnostic test input 54 is also 
provided in the cab area for entering input information 

30 with regard to diagnostics. 

Systems closely associated with and attached to 
the engine of the vehicle are contained within the 
broken line B representing the vehicle engine. Sen- 
sors that provide operating condition information to 

35 ECM 22 include boost pressure sensor 39, engine 
speed/position sensor 24, vehicle speed sensor 26, 
engine coolant temperature sensor 28, transmission 
coolant temperature sensor 29, oil temperature sen- 
sor 58, ambient air-pressure sensor 60, manifold air 

40 temperature sensor 62, coolant temperature sensor 
64, oil pressure sensor 66, and coolant level switch 
68. 

Devices that are subject to control by ECM 22 in- 
clude wastegate solenoid 70, fuel shut-off valve 41, 
45 and fuel injectors 30. Also shown are a vehicle fuel 
tank 72, a fuel filter 74, a fuel supply pump 76, a bat- 
tery 78, a fuse 80, and fan clutch solenoid 62 control- 
led by ECM 22. Lastly, ECM 22 is located within fuel 
cooler 84 to provide a temperature controlled environ- 
so ment for ECM 22. 

The system depicted in Fig. 5 corresponds with 
the electronic engine control system manufactured by 
Cummins Electronics of Columbus, Indiana and is in- 
cluded with certain engines sold by Cummins Engine 
55 of Columbus, Indiana. One such engine is model 
number N14. Other engines are also equipped with 
CELECT engine controllers. The engine control sys- 
tem 20 is sold and marketed under the trademark 
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CELECT by Cummins Electronics. 

Cummins electronic engine control systems con- 
trol multiple fuel injectors each having a metering 
valve (not shown) controlled by a meter valve signal 
produced by the engine control system. This ap- 
proach is well known to those skilled in the art of fuel 
injection systems. The meter valve signal is produced 
in accordance with throttle position according to a 
fueling curve stored in memory in the form of a table 
of values. The duration of each meter valve signal de- 
termines the quantity of fuel to be delivered by the in- 
jector. Relative timing of the production of the meter 
valve signal is used in controlling injector timing 
through a collapsible hydraulic coupling between the 
mechanical injector and a cam actuator (not shown). 
Time Valve Open (TVO) is a term used to describe the 
duration of the meter valve signal produced in accor- 
dance with stored data in the control system memory. 
An alternate set of TVO data (corresponding to a high 
power output curve) is used when the conditions of 
the algorithm are satisfied to enable fuel delivery at 
a higher rate resulting in increased power output 
through increased quantities of fuel injected into the 
combustion chamber of the engine. 

In another embodiment of the present invention, 
a geographic position identification device supplies a 
signal to ECM 22. The ECM responds by selecting a 
fuel delivery curve from memory to provide high out- 
put power capability in accordance with the local road 
grades where the vehicle is located. For example, 
high output power capability for road grades in the 
state of Kansas (known throughout the United States 
as one of the flattest States in the Union) should be 
lower than high power output capability in the State 
of Colorado (a mountainous state) . It is also contem- 
plated that the low power fuel delivery curve may be 
altered or a new curve substituted in a state such as 
Colorado wherein steep grades prevent rapid accel- 
eration up mountainous slopes and low vehicle speed 
power levels should be higher to accommodate such 
conditions. Substituting different low and high power 
fuel curves based upon geographic location of the ve- 
hicle dramatically improves the drivability of the vehi- 
cle. Alternatively, fuel consumption is more accurately 
controlled by lowering engine power (horsepower) in 
the high output capability mode where road grades 
are substantially flat and the need for maximum pow- 
er output capability of the engine is not present. Five 
to ten fuel curves are contemplated as a reasonable 
quantity (particularly in view of memory requirements 
for such curves) to correspond with road grade con- 
ditions encountered in the U.S. Alternatively, a fueling 
algorithm is contemplated that calculates amounts of 
injected fuel (or TVO values) in accordance with op- 
erating conditions and wherein a coefficient multiplier 
(selected in accordance with geographic road grade 
conditions) determines maximum engine power out- 
put in low or high power capability mode of operation. 



The Global Positioning System (GPS) signal provides 
a very accurate position signal anywhere in the world 
via a satellite triangulation system. Many GPS devic- 
es are available in the market to provide location in- 

5 formation accurate to within a few meters. Loran sys- 
tems used in the aviation industry are also contem- 
plated as suitable geographic location identification 
devices. Finally, a cellular phone communication sys- 
tem is suitable as a source of geographic information 

10 if the cell is identified through an ID number and the 
ECM is programmed to select particular fuel curves 
in accordance with cellular communication cell ID 
numbers. 

While the invention has been illustrated and do- 
ts scribed in detail in the drawings and foregoing de- 
scription, the same is to be considered as illustrative 
and not restrictive in character, it being understood 
that only the preferred embodiment has been shown 
and described and that all changes and modifications 
20 that come within the spirit of the invention are desired 
to be protected. 



Claims 

25 

1 . A method of operating a vehicle having an inter- 
nal combustion engine coupled to a transmission 
and wherein the engine includes a fuel delivery 
system responsive to a throttle control for deliv- 

30 ering fuel to the engine according to a first fuel de- 
livery curve or a second fuel delivery curve, and 
wherein fuel delivery to the engine according to 
the second fuel delivery curve results in higher 
power output from the engine compared with fuel 

35 delivery according to the first curve, the method 
comprising the steps of: 

(1) sensing throttle demand; 

(2) supplying fuel to the engine according to 
the first fuel delivery curve; 

40 (3) sensing a throttle demand from the driver 

in excess of a predetermined throttle level; 

(4) sensing instantaneous vehicle speed; 

(5) determining an average vehicle speed 
from instantaneous vehicle speed sensed 

45 over a recent predetermined time period; 

(6) determining vehicle deceleration from 
sensed vehicle speed; and 

(7) enabling said fuel delivery system to deliv- 
er fuel according to said second fuel delivery 

so curve only if: 

(a) the sensed throttle demand is in ex- 
cess of a predetermined throttle demand 
value, -AND- 

(b) ((the instantaneous vehicle speed has 
55 decreased a predetermined DELTA mph 

from said average vehicle speed) -OR- 
( the vehicle deceleration is in excess of a 
predetermined deceleration value)). 



7 



13 



EP0 581 558 A1 



14 



2. The method of claim 1 including the step of sens- 
ing engine coolant temperature and wherein said 
enabling step includes the conditional that: 

(d) -AND- said engine coolant temperature 

is within an acceptable range. 5 

3. The method of claim 2 including the step of sens- 
ing the transmission input/output ratio and 
wherein said enabling step includes the condi- 
tional that: 10 

(e) -AND- said sensed transmission in- 
put/output ratio be within a predetermined ratio 
range. 

4. The method of claim 3 wherein said predeter- 15 
mined DELTA mph value increases in magnitude 

in accordance with an increase in said average 
vehicle speed. 

5. The method of daim 1 wherein said predeter- 20 
mined DELTA mph value increases in magnitude 

in accordance with an increase in said average 
vehicle speed. 

6. The method of claim 5 including the steps of 25 
sensing engine coolant temperature and sensing 

the transmission input/output ratio and wherein 
said enabling step includes the conditional that: 

(d) -AND- said sensed transmission input/out- 
put ratio is within a predetermined ratio range, 30 

(e) -AND- said sensed engine coolant temper- 
ature is within an acceptable range, 

(f) -AND- the brakes are not actuated by the 
driver. 

35 

7. The method of claim 6 wherein said throttle de- 
mand must be below said predetermined throttle 
demand value for a predetermined period of time 
before fuel delivery according to said first fuel de- 
livery curve resumes. 40 

8. The method of claim 7 wherein said enabling step 
includes the conditional that includes the addi- 
tional tests: 

(g) -AND- the vehicle speed is less than a 45 
road speed governor speed limit, and 

(h) -AND- the vehicle speed is less than a 
cruise set speed maximum limit value, 

(i) -AND- the vehicle speed is less than a driv- 
er commanded cruise set speed. so 

9. A vehicle having an engine, a fuel delivery sys- 
tem, a transmission, a throttle control and an en- 
gine control means for operatively controlling the 

fuel delivery system to supply fuel to the engine, 55 
said control means including: 
a memory means: 

a first fuel delivery curve stored in said 



memory means: 

a second fuel delivery curve stored in said 
memory means; 

means for sensing vehicle speed and pro- 
ducing a vehicle speed signal; 

means for calculating a running average 
vehicle speed value from said vehicle speed sig- 
nal and producing a corresponding running aver- 
age vehicle speed signal; 

means for sensing engine speed and pro- 
ducing an engine speed signal; 

means for sensing throttle demand from 
said throttle control and producing a correspond- 
ing throttle signal; 

means for determining vehicle decelera- 
tion from said vehicle speed signal and producing 
a deceleration signal corresponding thereto; and 

means for controlling said fuel delivery 
system to deliver fuel to said engine according to 
said first fuel delivery curve in accordance with 
said throttle signal, said means for controlling 
said fuel delivery system enabling fuel delivery by 
said fuel delivery system to said engine accord- 
ing to said second fuel delivery curve in response 
to the following conditions: 

(1) said vehicle speed signal is less than said 
running average vehicle speed signal minus a 
predetermined value DELTA, or 

(2) said vehicle deceleration signal is above a 
predetermined deceleration limit, and 

(3) said throttle signal is in excess of a prede- 
termined throttle level. 

10. The device of claim 9 including 

means for sensing engine coolant temper- 
ature and producing a coolant temperature sig- 
nal; and 

wherein said engine control means en- 
ables said fuel delivery system to deliver fuel to 
said engine in accordance with said second fuel 
delivery curve only when: 

(1) said coolant temperature signal is within a 
predetermined temperature range, and 

(2) a transmission ratio, determined from said 
vehicle speed signal and said engine speed 
signal, is within a predetermined ratio range. 

11. The device of claim 10 wherein said value DELTA 
varies in accordance with said running average 
vehicle speed. 

12. The device of claim 11 wherein said means for 
controlling continues to enable fuel delivery ac- 
cording to said second fuel delivery curve even 
though said throttle signal falls below said prede- 
termined throttle level if said throttle signal again 
exceeds said predetermined throttle level within 
a predetermined time delay. 
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13. The device of claim 12 wherein said means for 
controlling additionally tests to determine wheth- 
er said vehicle speed signal is in excess of a road 
speed governor limit before enabling fuel delivery 
by said fuel delivery system according to said 
second fuel delivery curve. 

14. The device of claiin 13 wherein said means for 
controlling additionally tests to determine wheth- 
er the vehicle speed signal is in excess of a cruise 
set speed maximum limit value before enabling 
fuel delivery by said fuel delivery system accord- 
ing to said second fuel delivery curve. 

15. An engine control system for use with a vehicle 
having an internal combustion engine coupled to 
a transmission, said control system comprising: 

fuel delivery means for delivering fuel to 
said engine in response to a signal supplied to 
said fuel input; 

engine speed sensing means for produc- 
ing an engine speed signal corresponding to en- 
gine speed; 

vehicle speed sensing means for produc- 
ing a vehicle speed signal corresponding to vehi- 
cle speed; 

throttle demand sensing means for pro- 
ducing a throttle signal corresponding to a throt- 
tle request from the operator of the vehicle; 

first circuit means responsive to said vehi- 
cle speed signal for producing an average speed 
signal corresponding to average vehicle speed 
over a recently expired interval of time; 

second circuit means responsive to said 
engine speed signal for producing a deceleration 
signal corresponding to instantaneous engine 
deceleration; 

third circuit means responsive to said 
throttle signal, said vehicle speed signal, said 
average speed signal and said deceleration sig- 
nal to supply a low power output fueling signal to 
said fuel input in accordance with said throttle 
signal in a first mode of operation, and in a sec- 
ond mode of operation, to supply a high power 
output fueling signal to said fuel input, wherein 
said third circuit means operates in said second 
mode of operation if: 

(a) said throttle signal is in excess of a prede- 
termined throttle level 

-AND- 

(b) ((said vehicle speed signal is more than a 
predetermined DELTA value below said aver- 
age vehicle speed signal) -OR- (said deceler- 
ation signal is greater than a predetermined 
deceleration limit)). 

16. The device of claim 15 wherein said vehicle in- 
cludes a braking system and a cruise control sys- 



tem and including: 

means for sensing engine coolant temper- 
ature and producing a coolant temperature signal 
corresponding thereto; and 
5 wherein said third circuit means operates 

in said second mode of operation only when the 
following additional conditions exist: 

-AND- said vehicle speed signal is less 
than a predetermined road speed governor limit, 
10 -AND- said vehicle speed is less than a 

predetermined cruise set speed maximum value 
limit, 

-AND- said vehicle speed signal is less 
than a driver selected cruise set limit, 
15 -AND- the brakes of said vehicle are not 

actuated 

-AND- said temperature signal is below a 
predetermined temperature limit. 

20 1 7. The device of claim 1 6 wherein said fuel delivery 
means are fuel injectors, and said first circuit 
means, said second circuit means and said third 
circuit means are part of a microprocessor based 
computer control system including RAM, ROM, 

25 analog and digital I/O. 

18. The device of claim 17 wherein said DELTA value 
varies in magnitude in accordance with the mag- 
nitude of said vehicle speed signal. 

30 

19. The device of claim 18 wherein said throttle sig- 
nal must be less than said predetermined throttle 
level for a predetermined minimum time period 
before said third circuit returns to operation in 

35 said first mode of operation. 

20. The device of claim 15 wherein said DELTA value 
varies in magnitude in accordance with the mag- 
nitude of said vehicle speed signal. 

40 
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